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Abstr{ict: “1’IK  M:irs ObSCIVCI  ])ii~jt,{ ij ,i i.~m.  Livcci l,) tlIr N~li(Jtm] Ac]{maa(ics  tit]c] S p a c e
Acllt]it]is[tz~tic>t~  it] IIIC e a r l y  1980’s  :1~ IIC l’il~ or ii set i(’s of I[li<siolls  tlIa( \vould  utilim
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failrd catastrophically cm Aa~,usi  ?? ] (!9:5 ill tC dA)IS  I)cforc n.acbillp  Alats.  Subscqacnt
f;li]arc  invcslip,at  ions suggcs(cci  ii II\III II I ~lf pI .},.,,ral];llla(it  and lrcllnical llalvs  tha t  may,  or
Illay IIOt llavc  coatributcd to lIIC l’ilillll L’ t{ A’,,4 dt.’iclold at) :ictioll plan  that  ca l led for
sip,tliflcalll  program nia tic and tc~ll]lil,ll  ]) JIILI,.  S I, 11, IIIg(. 10 CIIIICIIt fincl fal(Itc  pro,iccts  to a v o i d
a d d i t i o n a l  tmp,cdics  Iikc MaIs  OIMCI  ICI,  I lli~ p lwr addtcs<cs  tlIc po[ctl[i;  i] l~rop,t}itllt]latic  at]d
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1. MISSION OV}il<VlllW

‘1’hc  hflars OIMCIWCI.  pmjcc(  w a s  dcvclopcci  by tlIiI K,{(i<ll;tl
Actollau(ics  and S p a c e  A d m i n i s t r a t i o n  atl(i III, .I((
l ’ r e p u l s i o n  I  ,aboia{wy  it] a  r e s p o n s e  to tlIc [ dl I Ill’ II),
plaackry scic[lcc  comlllullity  to Illounl  a series of I{ I;ilil :1,

10\v cost  missions \vi[ll vctj’  focused objccti\cs II) ;I IIUII  IK t
of spccilic solar sys[cln  (a Igc(s. h4ars WIS cl If Is/11 ill t],
e a r l y  1080’s  a s  lIIC targc[  of lIIC rl~s~  lnissioll  \\l II, II  HL,;  I.
cal led MaI> obsctvcr, ‘1’llc specific objccliws were I(I S(I (i,,
M a r s ’  atI~~(IsplIcIc  and sulfiicc  OVCI  Ibc dam[i(u C}I [I 11111

h4ar[ iat] year, ‘1’llc Spaccfraf(  c a r r i e d  scvcII itl~ll LIIII(II1<  (II

suppor( thcst s t u d i e s ,  a s  )Ycll a s  a  r a d i o  Icla),  sysl LI II I (III.

Mars lkllomI  Relay) to rc~t am data  from Rassiall Iiil]:i;l > (NI
tllC surface of h4ars. ‘1’hc (wi~,illal  n a m e  of Illc lni~si{,l, J,, LI
ti]c MaIS (icoscicllcc (:lilnatology  Orbiter to ctllj)l~zi\i/( I),
scicn[ific goals  of p,co]ogyj pcophysics an(i cli]ll;]lolojy.

‘1’11( sl)a[(ctaf(  \$ as laut Icl Icd \\itll a ‘1’ilaa 111/’1’rtmsfcr Orbit
Sta~,,c Vrl)iclc frt~n] C’;IIIC (’ana\,ctal, f;]oricla, 13a Scptcmbcr
:)s,  I W?, ]l~i(i:l]!y,  tbr s]~acccraf[ was to h:ivc been laanchcd

Ily llIc S1);Icc Sl)(I((lc  ill 1990, ha( that plan  was scraped as a
11.’ S[III ol(l)c (:1 Iallcl Ip,r ciiw; lcr.

Afkv z 1 (1-111011111 cruisv  10 Mars,  the  spacccr:ifl  wcmkl bavc
I)CCII caj)ltltccl inlo a t  I  cllip[ical MaIs  orbit  w i(b the
:iwiklal]c~. (If Ilvo 011. lmtrcl 400” N“l’ mckct e n g i n e s .
I ‘oll(l\vit 1: scvctvl  addi[iollal  orbital cmwction  mancavcrs, a
rlca] circular, ftozctl, sLIIl syaclitonws, polar orbit of 2 hours

I,crio(l \ \  oal(l bc cshblistlcd  froln  w h i c h  m a p p i n g
L)bSCI  t,titiot)s WOIIld bc  COII(l  UC(C(I  for oac Martian  year ( t w o
I :arill ycaIs).  Scicncc  ill\tmnictlts  were  b o d y  fixed  to the
:;pacccIal(  and p{)itltcd [II Illc nadir, I )ata  was to bc Iccmdcd
t.oalillao~l~ly  flotn  the ills(tumcnis  and played back to l)ar[h
ollcc cacl I day III IOLI:II a  34 mctcI t r a c k i n g  slatioa of
NASA’s  [)CC]) Slx]cc ~clwo)k. S m a l l  pcrimlic  mancmcn



would bc required to maintain the orbit paramclvts,  011 it!l
altitude was to bc about 375 km.

3. SI)ACl  (: RA1’I’ D1NCR1PI’1ON

2. PROGRAMMATIC IIACKGRoll N1 )

A number of basic assun]])tions  characteriml  tllc ic{llllic,i!
and progran)matic dcvclcrpmcnt approach of tllc ]JI (),ic{  1, I ‘t I{.
science instruments wm to have been simple at)(l itillc II((i
from previous m issicms; the science invcstip,at(l)s  v’ci(. I(I
have been cxpcricnccd;  the spacccratl  was to Imc  1~(’~i a I

eallh orbital crafl taken off a current production Ii! IC \~:i\l I
simple modifications; there would bc maxi! nulll  uv i.)f
industrial contractor inbcritancc such as hardwal c, I)ci MULIW1,
proccchtrcs  and product assurance; the spaccctafl SL ]CL  I it)ll
would be made bc.fore the science instrun~ctll  scle([io 1(1
bound and define their interfaces; and tlmc v(uII(I I L
continuing stable fuadinp,  provided in the nri I io]ial lJLILlp,II
for the Observer l’rogram.

However, cvcty onc of these basic assutnpt ions waI~ v i{~l l[td
sometime during the project life cycle. ‘1’hc scicncc, ~t:iyloo[i
was augtncntcd with an imaging systcm afl{.v tllc it~ i(iiil

payload selection which used up all of tllc SI):IJCCI,I(I’s
resource margins; there were no high IIct ila~’,r sci. Ikt
instrutncnts available and the quality stan(iard{. fw tli~
chosen instruments was miscd; there were scvlva[ f’lts{ L in (

science invcsliga(ols selected; the design of the c[ulll[~clci,il
production line spacecraft had to be modificci  to SLIIIIF{.M  I tllc
more complex payload aid to improve its rclii~bilii?, [1111.
violating the inhcrilancc; thC SCkrlCC illStl LllllCll\~  \\’C\’
selected before the spacccrtdl; M a r s  Obscrvet I)w{:l!lc  tlIc

only Observer mission; and the funding was IIOt s[;Il~lc ;IIILI
was reduced significantly following the C,hallctlp,et (iisti<l:t

“1’hc project start was at the beginning of fis(’al }CL+I  I 9$5
(October 1984). ‘Illc spacecraft contractor Sclcc[iot  I \\’ii.
delayed by nearly a year as the result of a sclccti(ltl ])lil:c.\
protest. 3’llc launch was slipped two years in t}lc sturlnitl(,  I (II
1987 as a result of the Challenger disaster. ‘1’l,c  dct isi(,ll {()
use the Titan launch vehicle was made in lhc } 811 of” 19X8
after maintaining dual (1’itan and Shuttle) I:{UIICII  VC} i( II:
compatibility for over a year.

‘1’wo  additional changes were made in the scic]wc  lmy I i M :i

A mappii Ig spcctromctcr was removed fot pt o/F, I ,1(I III  aI L.

reasons, and a laser allimctcr  was substitlitcd f{~t till.
original, and more complex, radar altimeter.

‘l’here was a complex managctncnt slruciul c I t’qu it L-.1 1 ,. I
implement the project. JP1, managed the projcr( fot N P, S:~,
and was responsible for mission design, acquisition (It tll~
scicncc  instruments, and for direction of flip,lll o]u[tit  i[]tl~,

‘I-hc l aunch  scrviccs  wm managed tbroupl I tll[u~: ( IIIICI
NASA ccntcrs.  ‘1’hc spacecraft was procured by J I‘1 ~ (m a
fixed price contract, with on-orbit award fcc pt uvisio:l<, II CI:II
RCA Ast ro Space (which was subsequently pLII (: IIw;r,  i 1,j,
General Electric and then Martin Marietta).

The Mats observer s~)acecraft was based on the electrical
a~c}likcture of tl~c R(:A-Astro built I)cfcnsc  Meteorological
Sat cl 1 itc Program spaccct aft, the mechanical structure of the
RCA Satconl bus, and the propulsion of the A21OO orbital
positiollir~,g stag,c. ‘J’hc spacecraft was built to NASA class
A standards. lt was not to have single point failure
locatiuns  cxccpt as specifically approved duc to their
ir]hctently low risk (I IIost mechanical  i tems,  antcnrras,
pro]mlsion systrm plu robing). T’hc  craft’s main body was
sha~~cd  like a box (1.1 x 2..2 x 1.6 meters). With its fuel,
the spacecraft and its scicl)cc imstrumcnt  payload weighed
2.5 kilop,t-atlts at launch. “1’hc spacecraft was built for a
tltrcc yea!-  lifetitllc and was equipped with onc large solar
array,  consist in[: of six (1 83 x 219 x 9 centimctcr)  solar
patlc]s,  for clccttical power production.

At laarlch, the spacecraft’s main communications antenna,
two ills[ I umcnt boon}s a! Id solar array were folded close the
bus struclure.  lhtillg the t~alth to Mars cruise phase of the
n~issioll the jllS~l’LllllCl)t  booms were partially extended, and
pal L of’ tllc solar at i ays wctc opened. After the spacecratl was
in Mars orbit, the solal  attays would have been fully opened,
and tllc instrulncnt  boonis  would have been fully extended,
‘]’hc rllain 1.5 )Ilcter (:ol~~tlltll~icatiorls antenna would have
beet I I ai scd otl ils 5.3 lncter bc)om and automatically tracked
tile 1 ;arilt. ‘1’hc  solar fit rays would have automatically tracked
t h e  SUTI. ‘1’hc spawcratl w o u l d  b e  o p e r a t e d  scmi-
aut onotl Iously  by an ot t-board computer which had a hot
backup. Cotnmunieat ions were at X-band for both up and
dovn  links. ‘J’hrce  tape rccordcrs stored science and
cn{’,incet ir~g data dut iii[; tm-tracked periods,

‘l’he ]~r upu]siml system was required to provide velocity
clmg,cs fol tht ILarlh to Mars trajectory and Mars orbital
corlcction ntancuvcts, for Mars orbit insertion, and for
unloadi tlg, moment am irl reaction wheels that were used for
atti[udc control. It was really two systems - a bipropcllant
systeta for tllc latp,c velocity maneuvers with fuel and
ox id i~c] storagt  in t~vo lary,c tanks in the central cylinder of
the ctafi, and hydra~ille  stored in two smaller tanks for the
rcriundatd lower force thrusters. ‘fhc bipropcllant system
was opmitcd itl a blow clown lnodc for the Flarth to Mars
pori  ion of the rnissiot, to remove any concern for pressure
rc$,uh~tor  lcakfif’,c,

4. IN-l:l .I(ill’l’ I; XPI;RII;NCES

I)ut  ing the cruise porliorl  of the Mars C)bscrver  mission, the
spaccct ~f( opmlccl  \vel 1. }(light opcrat  ions were plagued for
a til])c b): a sof[warc  ctror in a routine that processed attitude
inlimnat Ion from the I cfcrcncc stars which caused unexpected
loss of inertial rcfcrcmces. “1 ‘hc spacccratl  conducted an
successful cxpcrimcn[ in Ka-band communications, and



par[icipatccl  in a search for gravity waves.  ‘1 Iii s, iel I:C
payload was chcckccl out and some sciciwc ii 1(.11 II Il},:tlt
calibration activities wm conducted. OI~C  it~lapf (If hliils
was taken aboul 30 clays away from the planet

S. ‘1’111;  lJAll,Ul{li

On August 22, 1993, at 00:54 U - l ’ C ,  tlo (k)\vllliltk Vi{’+
received fiorn  following an planned power ofl:.pci ifd (1(  IIIC

spacecraft’s transmitter during which the s)mcccl,:li’: l~i.

p r o p e l l a n t  systcrn w a s  bcins pressut  izcd R o

communicant ions have ever been establisl~cd  M i III i I IC
spacccratl  since. ‘1’hc spacccrafi  was pcrfornl ini’, i I(II I I Ial )>
before the t ranstn it tcr was t urncd off.

As a development cost savings, the travel ill[,, N t!~c Iul,r
amplifiers in the spacecraft’s transrnit[er  Were 1]01  qIIal ifj(d
to be operating with the environmental shock irl~[j;iriu. tl~,
the pyrotechnic operated valves in the prm~ll tit II S)IS  I CI t 1,

‘1’hrrs,  the on-board  programn~cd  sequence {(l oi,ti] t},.
pressurant  valves first turned off the amplificis,  fiwd t~)i:

primary  valve and its backup valve, and thcil vt.~ul,l  lIH\L
turned the transmit(cr back on. T h i s  scquencc wak iII I}N:
primary  computer and in its hot backup corupu~cr.

The pressurization event was to have been pcrfon IICd C;II  i: i II

the mission (about  30 days atler launch) ill IIIC ot i{;irlill
design, but information provided about six moII(lIs lx fol c
launch indicated a potential for the pressure re[l,lllal(~t  to IcaL
and over pressurized the tanks when they wwc fu I I. 1’11,
decision was rnadc to avoicl this potential ptoblcm  II> II .i]~!

the hhia] prcssur’c  in the tanks to blow the fuel altd ~~},ifil?o
out  (blow-down mode) fol the first tbrec uses of t})c sjIs I VI I I

before the large Mars orbit insertion n~ane~lvel  Ivqmrc,i
add i t i ona l  prcssurant  to move the large anlo~ltl( (1[
propellants nccdcd. ‘J’bus, the pressurizat iol I CVCI II i~tl.
replanned to occur just three days before the Ma I ~. (I! bil
insertion.

‘Ihc flight o p e r a t i o n s  ( c a m  contil)ucd  to s)sir]], ittic,llj
execute cot rcct ional and diag,nost  ic commanciil  1~, Sc{liw IIX.

to rccstabl  ish cojnmunicat ions. A l l  at[~rnpts  vcit
unsuccessful. Since tbc h4ars orbit inser(ion scqIIc I K r u ii.
prcprograrnrncd  and was act ivc in the spacecraft’s  coti I l)uI ( m

there was hope that the spacccrafl, without its tr{lrlsrllili~r {)rl,
would successfully g,o into orbit. An attemjlt v,as I) I:idc b;)
radio astronomy tclcscopcs to hear the low IWWLV  Iua. o] I
from the on-board Mars I]alloon  Relay sys(ctl  I, [M( i Iii.,
cffoll w a s  without .SUCCCSS. I’hc l)ccp SI,:WC rl~ (WLM1
continued to track the apparent position of tile sp::iccr,ill
(both at its position in Mars orbit and at its posi[iol  il il
flew by Mars without going into orbit) for tl)ttc llt{lrl[~ls,
also without success.

T’IIICC  F~ilurc ~cview boards were established within days of
the failure. OI]C wm cllartcrcd by NASA 1 lcadquartcrs.
At,othct was cl]artctcd by JPl,. And a third was char~ercd by
the sp:wccraft’s  rnatluf:icturcr,  Martin Marietta, A fourlh
act ivit~ at .1J’1  ~ conduc[ed a design validation audit of the
Spmcltd-t,

No conclusive cause f’ol the failure was established by any of
thd thf CC revic\v  b o a r d s . I lowevcr,  all three arrived at
cssctltialty the same set of potential causes, 3’hc NASA
IIoard corlcludeci that the spacccrafi design was generally
sOIJIJ(i.

It \va$ f’artllcr suf,.gcslccl by tllc NASA IIoard (Coffey, ef al.,
1993) that althou~,h tllc result was a very capable spacecraft,
the orp,mimtional  ald procedural “systcrn” that dcvclopcd
MaJs  (Jlwrver  failed iJI several areas. In particular, the
syst c1 n fai Icd to rcacl I uopcr]y to a program that had changed
radically from tllc plo~lirrn  that was originally envisioned,
‘1’00 lntlcb reliance was placccl on tbc heritage of spacecraft
hald}val c, softwat’c, rind ]Iroccdures,  especially since the Mars
O’OSCI  vu missioli wtis fundainentally different from the
m iwioll of the satcl Iites from which the heritage was
dcr ivccl

‘1’hc rnos( probi)blc  cause for the failure suggested by the
NASA lkrrd  was a blcactl in the prcssurant system caused by
a reaclimi of ccm(lenscd fuel and oxidizer vapors, where they
shoukln’t have been, forced together by the prcssurant  as the
tanks  were I)ei[lg prcswrimd.  lt was postulated that the
plO[lC]hi!Jt  vapors clifl’uwl backwards through a set of check
valves rJrI(i tlmr condctlscd bccausc the prcssuran!  plumbing
was co]dcr tl]an lhc ta~lks. 1 ‘he pressurant  and propellants
w’c]L  thctl spewed flora the open line, spinning up the
spacccmfl  to a rate tltat could not have been controlled,
corwciirls, ekctrica]  ]illcs and COlJllCCtO13,  ancl braking off the
spacecrtill’s booms (it lcluding  the main con~munications
antcttna and, perhaps, tllc solar stray).

other caa$es slr.r,gcsted i)lc]ucicd an c]cctrica]  power systcm
failuic r~sulting  florn r+ lug,ulatcd power bus short circuit, a
pressul  e I cgulator failu] c I mulling in tank over-prcssurizat ion
ancl r ul~tutc,  or t}Ic ejection of a NASA Standard initiator at
lligll velocity fl om a pyrotechnically operated valve that
punctured the fllcl tank 01 caused severe damage to some
othcf spacecraft systcrll,

In  ticldilion,  the J1’1, IIoard ( S t e p h e n s o n ,  el a/., 1993)
sug~~cstcd that other crccliblc  c.auscs of the failLwc could k
rela(cd  to the loss of spacccrirft  computation function in a
\vay thti( could not ha\rc  corrcc[cci  by ground  commands, or
[tic loss of bot}i trarislllit[m due to failure of an electronic
l~art,



7. ‘1’} 111 I’RIMARY  l,I;SSONS  1.}{ AI<NII  )

A number of lcsscms  have been learned by III( l~lal (I;II}
spacecraft community as a result ofthc tragcd},  of tl)c 1(SS of”
Mars Observer. ‘J’bey  span the functions of lmI{,,I~IIIIII; II ic

managcmcnl, to spaccmfl  de s ign ,  t o  fli~,ll~  o~xIiN  io)till

procedures:

IXm’t  use systems ill environments for w’)licl)  11}{.j lI;+\c
not been previously qualified or tested.

Provide appropriate iso]at ion bctwccn fu( [ a t~(i O\ i I i/~1
in long term missiwls.

Provide for post-assctnbly  cleanliness vci ifictil i,.)11 H I(i

proper functioning of propellant prcssuri?i,  t iorl s)+.11  III..

Maintain proper thclmal gradients bctwccl~ CICIIICIIIS (If
the propulsion syslctn.

Maintain at(itudc cotltrol durinr, critical CYCINS,

I~rovidc f or  a top-down  aJ>proach tO fd Rl][ jIt t~l~. f i’.]  I

rcqui~cmcnts,  il~ll>lctl~ct~tatiol~ and valicla[ifui.

M a i n t a i n  insig,bt into the systcm opcl,~t ion\ (III I il 111,

critical or first time activities by n~aintailiilj?, (h~\wllil II,
tclcmctry.

IIe vigilant of cxpcndab]c  resources dul ill~, t itllc {If
crisis (in the case of Mars Obscrvci,  it W:I< 1~:’ !c~!
charge.).

‘J’hc  ciiscip]inc a n d  documcntrrtion  CUhUIC [iswcilk,i
with, and appropriate for, conimcrcial  1)1 odae[  ioJl I ill(

spaccmatl  is basically incompatible with the dtwill ill{
and documentation rcqu i red f o r  a  OllC(l[-ti.l  ilii

spacecraft designed for a complex mission,

l’cnetratc the fault tolerant design of cent I o! fat I( ii(~l,, I I 1
assure that cli[ical redundancy cannot bc disahk(l  II:, ~

sing]c part failure.

Assure  accurtttc as-built and as-flown docutllcilttil  io]l

Asscss programmatic and technical Iisl: co]istii IIli
dur ing ~hc- project’s life cycle, es],criall) \! /lcl I
conditions ancVor assumptions change, an[i ML( i ,r~~i I I iJI,
appropriate, action.

8. “1’1 ill NASA ACH’1ON l>l,AN

Over three hundred in(iividual findings collcel(lill~,, 111,

progranmat  ic management, technical {]l~si~~,ti .Ilhi

imp]cmcntat ion of the Mars Obscrvcr  space.cnifi NM.} III L!II:{ i
were idcnt  i ficd during the fhilure review Imx Ms. ‘j’J, $,,
findings were cataloged and assessccl by the M:{  I

s ( )IV,ri ,CI

P[ojcc[ Oflicc al J1’I  ard by the Solar Systcm  I;xploration
Diiision  of the (Jfi-m  o f  S p a c e  Scicncc at N A S A
llcadquar[crs. ‘l’o~,ethcr, a set of twelve principal
remnlllcn(iat  ions, p,t oupcd as technical, programmatic and
st~ ~t cf, ic, were ma(ic to apJ)ly the lessons ]carncd from the
MriIs obscwet  failut~ to current and future NASA projects
(Kicfa, 1994). “1’hcsc actioj~s were assigned to the NASA
Cliicf I np,itlecl, to tllc sponsoring) progranl  offices at NASA,
and to the NASA Office of Safety and Mission Assurance
who al I took ag,grc’ssi\’c  action in rmponse to the Mars
Obscr\IcI  f~ilut c to a<<urc thcit commitment to continuous
inl]wovcmcnt. “1 ‘I)cy in tat n assured that appropriate
lncchatlivns wcvc cslablisl)ccl  and rnaintaincd  to provide for
A\!,cnc?-wicic  dissclnination of the lessons learned, with a
cototnlllncnt al all levels to implement timely corrective
actio]ls ill affcc[ed atcas. ‘1’hc  lessons learned are rcflcctcd in
NASA’s 1,CSSOIIS  1 carIIcd lnformrrtion  System and in the
intc] ag,cttcy Automa(cd  1,cssons  Learned database, and the
sulnnlar izcd frtldin:,s  ]iave been distributed to NASA and the
aempacc  industly stifcly, reliability and quality assurance
cor~~mullitics.

J’rotll a ],rogtanlnlatic s(midpoitlt, emphasis has been placed
on it~stitllti(lr~ali~.it~g, NASA’s review process. An agency
Icvcl l’Jogtatn Manaf,clllcnt (:ounci]  IIas been established
widi at I associated ~cvicw process that assures project arc
app]opl iatcly sttuctuld at initiation; that changes arc
app!opt iatcly reactecl to irl terms of required modifications to
mission Scoj>c, scl]cdulc, nlanagcmcnt approach and
allocatim[ of rcsoutcws; and that ewly a n d  c o n t i n u e d
cmid]asis  o]) risk idc[~[ification,  assessment and management
arc made.

Str~tcgically,  futute tilissions will adopt distributed risk
stm[c~,,ics witlt rcsilictlcc to failure of any single segment
dul inp, launch, cruise an(i opclations.

8.1 7 ccijt~ical Acfiot).v

,Vjmwt (Ifl IIwilage. over-reliance or inappropriate reliance
on }m itti~,e is to bc a\’oid. A NASA policy will address this
issue altd ~cquitu  itlllct itcd clcsigns  and procedures to kc
rcvic\\ed  with appl opriatc  vigor. It is being implemented by
the NASA Chief 1 ;n~ illccr and the sponsoring program
~)mlcc$.

I)ro],ulsio}t  ,~yi~tti S!athrd.v ot]d i’estittg. At issue is the
])roJtcllallt ml.griition I}rocess, fuc] and oxidizer cleanliness
and acccj)tatlcc test lmwcsscs. An expert group has been
charicle~i to address tllcsc issues under the sponsorship ofthc
NASA (Jfficc of Safc[y  and Mission Assurance,

l’~w(ecll!jic Ac(IIn(ed ,~)s{tws Sianckmiv atld 7es/itg. T h e
idctltified issues of p>’(o  initiator and pyro valve thread
crosiofl  atid pyro shock damage arc being addressed by a
specially chartercci gyoup of experts by the NASA Ofilce of
Safety atld Missiorl Assulancc.



7klane(ry  (It iliza(ion, Ilircctioti  hns bet)) ]~] t}~ I(II d  t o
es!ab]ish  flight rLllcs and  attendant procedures Sot ct~l~li] 1111 IIIS
telemetry during critical events, and tclcnlctf)’ u(; I izd[ioil  VII(I

rcccwding for problcm rcsolut ion by spons(u  in!’, ~)1 [l{~,i tit I)
Oficcs,

Software  IkvcloJwmrl  1 ‘tmf ices. Sponsor p] o~,f,i(l, 0!) ’1. cs
are directing current projects to mtdcc softvm  c ilt\,c<(t I ICt tis
comrncnsuralc  with mission costs and con~lllcxit? iit!d 10
provide adhcrcncc to sound soffwarc  dcve]oplllcrtt l)(~c[ic(..

Re/iabi/i/y  ond /Iau/( /’m/cclion.  lhnpha~is  011 c! i[ i ,  ii[

evaluation, in~plmncn(at  ion, validation an(i fi~l. a~~i SS, II( II(

of single point failure and autonomous {tiult ]Ilo[cl[i,.111
systems is being dircctcd by sponsoring prop,I  ttII I ofi K c

I’rojecl l e v e l  S“wtan ih,gineeving. Projccl  Imcl ~~s UI I I \
cnginccring to provide for pi eject Icvcl tradcc)fls,  \Ic~ II I(, t it IJ I
and validation, and identification of corm[i\w  acfIOII<  i~

being required by sponsoring program officm.

Operations f ‘Mciicm. Iimphasis i s  twill}?,  pl,xt.d  f,s,
establishing spacecraft-savvy opcrat ions teanls {{ I Id 1 I It
establishnmt of time critical contingency IIl:ins liIII 111:’,11
t r a i n ing  and  t he  dcvclopmcnt of opcratiot i\ I)l;II]s  ir ld
proccdurc  mod i f i ca t i ons  a s  dircc[cd by tllc sl)[)ll~(rill~,

program ofticcs.

A4rmufoctvrin,g  QIKI inspection. I’hc NASA Of”ficc  Of % f{’>
and Mission Assurmsc  is calling, for cot)lraclo] a(i,lil~,
internal review of quality J~lans, and the rcvi\\v of ct I i( II

design review criteria to assure smooth transi(im I il~[(, t} It,
manufacturing phase in addressing the issues of a~- I u il[
documentation, workmanship and qual i ty  cotl[l ,11 (,I
spacccratl.

6’.2 J’rogratnnta(ic Aciio)js

Progrmn/1’rojcc(  h4m~(lgcr lkwcloptmw[. Ass\lt  itlj’, [ ~,iil tit,:,
programs, nlanap,cmcnt carccr  p a t h s  of” itltrca ,irl~,

rcspcrnsibi]ity and authority by sponsoring pl(yt,ull  [.}fi [c( L
and the PI ogtan~/Project Management Stccrin[’. Gt (}llj)  \\i  I I

as su re  qua l i f i ed  pcrsonnc]  to fill [JtC)~,tiilll  ‘[) 1(1, IL’,.  {

managcrncnt roles.

Acquisifio)/ .’Wra/qy. Pcliodic review and Iczis\css\,,cltl ()(
contractLlal vchiclcs by sl)onsoring  progralrl  oft i( (..,., LII I II 1:,

with the utilization of performance asscsstncili  (o:~l( arli
methodologies \vill avoid iaapproprialc c.c~lllr~clil]<,
strategies,

I.essons I,ccwflcd. Agency-wide dissemination oi’ 1( ss ~r I \
learned is being ilnplcmcntccl. ‘1’hc NASA ofl IcC ()( SzIlcIy
and Mission Assurance wil l  pcrfonn  audi[~ to iiv.il~:
conformity to corrective action implcmcntat io]l, l’olic(,s,
proccdurcs ,  NASA Mrinag,crncnt lnstructiot[s  .at,(i NA’<P,
JIandbooks  will updated to reflect the lessons lc,l~a{,d

8.3 Slt f~[cgic Aclio)li

Di.flrifjl{{iorr  qf Ai3Tk, A re-evaluation of current missions
arid stliilcp, ics \\ras tnadc to confirm appropriate distribution
of risk to avoid sole lcliancc on sin~,lc elements to fulfill
Stl”ti[CF, i( ohjcctivcs. S p o n s o r i n g  pr&ranl Offlces are
adopt  (distributed risk s(ratcgies.

9. AI’1’I,l(:A’I’ION  01’ 3’III; MARS OBSEIRV1;R
l, ItSSONS  ‘1’() l’(j’lllf{f; MARS MISSIONS

NASA in~plctncnted  a r.zq)id  lecovcly from the failure

to

of
Mats (Msmw througl]  the cstablislltncnt  o f  t h e  M a r s
Sut vcyot-  ])rog,ratl)  wit}l  a series of multiple, low cost
m issiot  IS to Mars at each opi}ortunit  y over the next decade.
A prin,c inp,tcdicnt, irl the forlnulation  of this program and
the sp:wecl  fift dcvel(qmcnt  and flight opcrat  ions that
inl[)lcn!cnt  it, is tlw strict itlcorporation  of  the lessons
lcaIIIcd froth  MaIs ohmvcr  rrnd the directions of the N A S A
Action  I’larl as discussed above.

‘1’hc fits[  ofthc  Sr.trvcyor missions is hlars  Global Surveyor
t o  bc launc]lcd irt No\wnbcr  1996. ‘l’his spacccrafl,  while
rnucll smal ler  than tlIc Mars  Observer  spacecraf t ,  i s
const[  uctcci with tlw r e s i d u a l  e l e c t r o n i c s  f r o m  M a r s
Obsct  vcr. 1 hcsc clectrotiics  have been appropriately
rctrofit[cd to elimit~atc the deficiencies identified by the
Mrrls observct failutc invest igat ions. I’hc propulsion
systcln is new, however, and incorporates all the lessons
discussed above. Becauw oftltc small size of the spacecraft,
d i c t a t ed  by  tllc usc of t)~c Delta II launch vchic]c,
acrobl  ak ing will bc used to put the spacccraf( in its mapping
orbit  at hlars. l“crr tllc sarnc  reasons, only part of the Mars
Observe] scicncc instr unlent payload can bc accommodated.
‘1’hc t\vo herrvie.1 inst] ull~cnts arc being assigned to two future
lauoctl oj~por(Llni[ics itl older to strategically distribute the
risk of loss of science data. Combinations of orbiters and
landers to carry  a varied science suite also distribute the risk
of nlission  rctLlt II across the nlission sc.t.

}Yojcct lcve] sys[cra  ctlp,inccrin.g,  formalized risk asscsstncnt
Lwaluzrtit)ns  tllal c.otlcltitc potential risks with financial
Iesct VCS,  cost plus ]WI  fotrnancc award contracting and
sigt~ificatlt partnering, w itll the spacecraft industrial contractor
arc otl)cl hallnlarks of h~ars Global Surveyor that arc direct
resul(s  of the Mars obscrvct  lessons. These processes arc
also being cari icd fc~l ward to the future Mars Surveyor
missions in the 1998 rrIId 2001 laLlnch opportLtnitics.

With the mandate of a $ 100M-$120M  pcr year cost profile
to fund all aspects of t)]c Survc.yor  missions, a strict cost
dt ivctl paradigm is bcit~~, ap])licd. ‘1’his  prevents mission
l)crfhr[nrrtlcc frmn grmvitlg at the expense of programmatic
risk. S~,ac.cct  a(l at-c I)cing dcvclopcd as special purpose
vch iclcs, with tl~c at [c) Idant spcciali~,cd care required, rather
than a$ ]ltocluclion  line itct~ls



A common mission operations system is bc.irl{’,  cs[atll 1.lIIJ

tO OpCratC all of tbc Surveyor mission in-flight as tv(ll  ii< I(I
provide a common pyouI~d data system 10 alw lx II\f,1 IIM
spacccratl  systcm t e s t . A  schcmc  of sl-lal itlf, }IL.IN VII  Itl

bctwccn {icvclopn~cnt act ivit its, spacecraft tcs[  HI Iii { Ii{, lI\
opcraticms  will ensure to higbcst  trained itldi\,~&~itl( ;,; K
available for critical activities. l’roccdural  dc\clt~l)III(:II  WI{]

flight rules will Ix guided by tbc Mars Obscl\rct  less~II~  aII(l

expcricncc.

10. (’ONC1,US1ONS

Al(bougb tbc failure of the Mars Obscrvw  spimm ith v ,,i< a
tragic loss for tbc Mars J~lanctary scicncc c.onlltlut,i[) a,.1
NASA, it rcvcalccl a strategy flaw and a nunl[m  of (l(.i:, r!

and inlplcmcntatioll practices and procedures 111:+1,  \Ii Jlik II [~[

necessarily contributing to Mars Observer’s f:ti]utc,  tlt id,-,1
to bc corrccicd in order that mission risk bc de(ru:~~cil

N A S A ,  .lI’1, and the s~,acccrafl  clevcloplncmt co]tllll~tt,i  ::,
have responded vigorously to tbc rc-cstablislltncll( 01 (;,,:
Mars exploration progrmn and arc usinp,  Ilw lcs.fJII<
discussed herein to avoicl another mission trti}!,~’dj  IiI..{  (1,(.
failure of Mats Observer.

l’hc research dcscribcd  in this paper was cat I icci (Ml{ l,> t} K
Jet  Propuls ion 1,abortitory,  Cal ifornia IIlslitlllc (If
‘1’cclmo]ogy,  under a contract with tbc National ArI(IIIaI  Iti...

and Space Administration.
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